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MODULE ENCAPSULATION TECHNOLOGY !

SPRINGBORN LABORATORIES "6

' t P. Willis

_. Phase I

IDENTIFYANDDEVELOPlO_.COST

MODULEE_ICAPSULATIONMATERIALS

• POT[ANTS ,i
• COVERFILMS
• SUBSTRATES
• AOHESIVES/PRIRERS
o ANTI-SOILINGTREAT_NTS

Phase II

: TASKI: _TERIALSRELIABILITY

• AGINGANDLIFEASSESSMENT
• ADVANCEDST_ILITFRS

: • ADHESIVEBONDDURABILITY
• HUMIDITYSENSITIVITY
e ELECTRICALISOLATION

TASK2: PROCESSSENSITIVITY

• INTERRELATIONSHIPSOF
o FORI'_JLATIOIiVARIABLES
• PROCESSVARIABLES

6 IDENTIFYFAILUREr.ODES

o INDUSTRIALGUIDEANCE
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• MODULE AND RELIABILITY TECHNOLOGY i
/ :

• Module Components ,

SUb=Art

CO_R
i .......... (OR GLASS)

POTTANT

_CK CO_R
I ",','"""";":"...... """: :"":.... ,'1 (ORSUBSTRATE)

'_-_ _ O_S_"r/SEALmn"

CURRENTEMPHASISON_TERIALS_ HODULE

PEIE-OI_'IANCECIL_IU_'II.RISTICS

e DE'rE_INE£URP.E](I"LEVELOFPERFORMANCE

, ENHANCEPERFORBANCE(E.G.REFnRMULATION)

• SERVICELIFEPROGNOSIS

PERFOR?AtlCECRITEP.IA

e ENVIRONMENTALDEGRADATION

• MAXIMUMSERVICETEMPERATURE

e ADHESIVEEONDDURABILITY

• ELECTRICALINSULATIONDURABILITY

• HYDROLYTIC(WATER)ST_ILITY

• WHATAREDOMINANTTYPESOFFAILURE?

• WHEREISSTABILIZATIOr__EEDED?

:/

,,...4'

.'° •

526

1987006957-515



-- ql_'t'.-.'_-'."" "'_'ilw_''' '_-JC'Z.'t'.,.II..',,_-• "_.a,..-..-_- -_ _- - _|

(

_; MODULE AND RELIABILITY TECHNOLOGY

Accelerated Aging Test Program 4

CONDITIONSUSEDINITIALLY
METHOD DEFICIENCIES

• THElgMJ.(AIR OVEN) / e UNNATURALLIGHT

e RS/4 "50°C I e NO" HEATHER"

• _lq WETSPRAY • NOPREDICTIVEME'THODS !
;" • RS/_ 85°C • LONGEXPOSURETII_S

OUTDOORPHOTOTHEI_,ALAGINGREACTORS

(OPTAR) _

• USENATURALSUNLIGHT,AVO[DSSPECTRAL
DISTRIBUTIONPROBLEMSWITHARTIFICIAL
LIGHTSOURCES

• USETEHERATU_TOACCELERATETHEPHOTO-
THEP.m,AL REACTION

• INCLUDESDARKLYCLEREACTIONS

• INCLUDESDEW / RAINEXTRACTION

• INTENDEDPRIMARILYFOR MODULEEXPOSURE

• EXTRAPOLATEEFFECTSTOLOWERTEMPERATURES
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MODULE AND RELIABILITY TECHNOLOGY

Accelerated Aging
r
i

_" • USEFULFOREVALUATINGCN_DZP,ATE
FO_U_TIONS- COMPAR!SO:; '_

• WHOLEMODULESUNDERZXPO3URE

o DEI'E_INEUPPERLEVELSERVICETEMPERATURES

• MODELLING:
• TIMETOOfIS_ OFDEGRAI)ATION

(INDUCTI_PERIOD,t,;)

•_ EXAMPLE:POLYPROPYLF;E
• ARRHEtlIU.;,:LOGti v:,iIi:C'

• PREDICr SERVICELIFEB_.EXTRAPOLATION
TO LOWERTEMPERATURES
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MODULE AND RELIABILITY TECI-'NOLOGY

; OPTAR/70°C, 20,000 Hours ,

- e SOt'I,ECOPPERREACTION_,'/EVA 9918 4
P

• NO OTHEREFFECTSNOTICEABLE

' EVA q/_l$ EVA ¼7o8 EMA 16"/11 £V/_ I_1_,1
FAST G_RIL

1
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MODULE AND RELIABILITY TECHNOLOGY t

;, OPTAR/90°C, 20,000 Hours ORIGINALPAGE IS; {

i OF POOR QUALITY
._ , COPPERREACTIONIN LUPERSOL-IO1RESINS 4
"_. • OVERALLCI_IDI1ION:VERYGOOD

.i EVA ??lS EVAa6"_,s EMAi¢ln EVA1_.'/_.7
" FAST C'JIt E
! STANDARD _ _ _ 1
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MODULE AND RELIABILITY TECHNOLOGY

!, Accelerated Aging: Summary of Investigations

.-, SEVERITYINDEX
": TI_ TODEGP,ADATION- EVA9918
,w

: _,. OPTAR105 &

I OPTAR90o
; -, OPTAR700 = _

I.n.O0 i0,000.o

LOGTIME( HOURS)

m OPTARSMO_TEFFICIENtAGINGTECHNIQUE

e MODULESHAVEVERYHIGHENDURANCE
NO EFFECT:20,000MRS- 70°C/ SUNLIGHT

• DEGRADEDMODULESSHOWNOPO_ERLOSS

o EVA9918(STArIDARDFO_IULA)PERFORMSVERYWELL

: i OPTIMIZE.I)EVAFORMULATION:

LUPERSOLTBEC CURINGAGENT
CYASOR.BUV-2098 UVSCREENER

: TINI.NIN770 ST_ILIZER

: • RADIOMETERINSTALLEDONOPTARDEVICES- POSSIBILITY
FORMODELINGBASEDONHEATPLUSLIGHT???
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_} MODULE AND RELIABILITY TECHNOLOGY

' Adhesion Experiments
• , (

t' STATU_":

o PRIERFORI_ULATIONSIDENTIFIEDFORALI_OST
' ' ALLINIIIRFACESIN_DULES

: • POI.Y?IZRI METAL
• PO[.Y?IERI INOR6A_IIC
• POLYI_ER/ OR&a.NIC

i" DR.PI.UEI}DEMANII- DOWCORNING {

DR.JIMBOERIO- UNIVERSITYOFCINCINNATI

o SELF-PRIMINGFO_ULATIONSOF EVA(TOGLASS,
- CEIJ.S) DEVELOPED:AVAILABLE- SPRINGI)ORN

- o NEWPRIERAVAILAK£- DOWCORNINGWITH
I_ROVEDP_PERTIES- UNDERTESF

L

' Adhesion Diagnostics

o NEWMETHODDEVELOPED

b EVACOMPOUNDEDWITHHIGHLOADINGSOFSILANE
TREATEDGLASSBEADS- RESEMBLESGLASSREINFORCED

. POLYMER
o EQUILIBRIUMWATERABSORPTIONVALUES_Y PROVIDE

NEWMETHODOFEVALUATINGADHESI_BONDS-
INDICATES" DAMAGE" TOBONDSATTHEI;_TERFACE

: ISRE'VERSIBLEUPTOA LIMIT

/ o DETER,'IINEDEG_D-_TIO_RATES(KINETICS) ._,
o ASSESSSEk_ICELIFE

o GENERALCONCLUSION- BOt!DDU_BILITY-
EXCELLENT
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MODULE AND RELIABILITY TECHNOLOGY '

ElectricalIsolation

,- • POII'ANTSANDCOVERFILI_SSERVEAS ELECTRICALINSULATION
: 4

• NEEDTO.KNOWTHICKNES,_REQUIREDFORVOLTAGESTANDOFF

> • VARIATIONWITHT_PE_TURE,ABSORBEDWATER?
• NEE])TOKI_)WVARIATIONDIELECTRICSTRENGTHWITHAGING:

LI6HT,HEAT,HUMIDITY,FIELDSTRESS

;'_" METHOD:

_,_ • _-_ PO_R SUPPLY,SYI'_IETRICELECTRODES

• SPECIFIE])_TE OF RISE(50uV/SEC)

• PLOTA_GE BRF_ARI)OWIIVOLTAGE,VA VSTHICKNESS
• ST_IGHTLINERELATIONSHIP:SLOPEEQUALS" INTRINSIC

. DIELECTRICSTRENGTH° "DC)

• I_r..ASUREHENTSTODATE:
EVA9918, DVJDT" 3.q8 Kv/MIL

RESULTSTODATE:EVAA9918

RS/4(50°C) 4,000HR 3.24Kv/MIL 93%

RS/4(85°C) 4,000HR 1.98Kv/MIL 57%

RS/4IfEl" 4,000HR 4.12Kv/MIL 118%

OPTAR70°C 2,000HR 2.85Kv/MIL 827.

OPTAR90°C 2,000HR 3.14Kv/MIL 90%

OPTAR105°C 2,000HR - - UNIESTABLE- -

• NEWSPECIMENGEOMETRYH_'EDED- NOWUNDER_EST

= SOMEEVIDENCEFORDECREASEINDIELECTRICSTRENGTHWITH
ACCELERAI'E])AGING ":'

e INCREASEINSTRENGTHWITHWATEREXPOSURE _ =
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MODULE AND RELIABILITY TECHNOLOGY

i

Hydrolytic Stability

" • CANDIDATEPOTTAHTS- W..R IMMERSION d_
AT40°,60°,70°,80o ^._c90o

" o MEASURECHANGEINWEIGHTVERSUSTIME
t

TEMPERATURE,80°C
+ 6%

I
/-

::.
•,,..._ "_ .

•% I, ',_.

\ ', ! _#

J
I

• ,i,. ° I

-5% ""-..... -" i ',
5,OOO i0,000 20,000

I_ERSIONHOURS

TI_ TOONSETOF CHANGE,HOURS

700 800 900 _,

EVA _ 21,000 14,000

EMA _ 15,000 %800 i :"
i PU ...... CONTINUAL.......

e EVAVERYH_ROLYI'ICALLYSTABLE

• DATAWILLBEUSE])FORKINETICS
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, MODULE A_',JDRELIABILITY TECHNOLOGY

Anti-Soiling Treatments

SURFACECH_ISTRY:

o SMOOTH
m HYDROPHOBIC

: • OLEOPHOBIC
• 1_ F_.E
o LOWSURFACEENERGY

._" ,URFACEINVESTIGATED:
e SUNADEXGLASS
o TEDLAR(I00BG30 UT)
• ACRYLAR(ACRYLICFLIM)

MOSTEFFECTIVETREATMENT:

• E-3820PERFLUORODECANOICACID/
SILAHE(DOWCORN;NG)

• STILLEFFECTIVEAT56 MONFHS "
OUTDOOREXPOSURE

e RESULTSINIMPROVEDPOWEROUTPUT
OFi%TO4%- DEPENDINGON SURFACE

• FLUOROALKYLSILANECHEMISTRY
APPEARSTOBEMOSTEFFEC[IVE

t

t_EWTREATMENTS:

• TWO_E_CANDIDATESFROMDOWCORNII_G
STARTED

:L
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MODULE AND RELIABILITY TECHNOLOGY

t
Soiling Experiments

FIFTY-SIXMO_ITHSEXPOSURE

EN_IELD,CONNECTICUT
,d,,

% LOSSINIscWITHZTANDAP,I)CELLTREATED
SUNDEXGLASS

56 MONTHSEXPOSURE

8 2(_ 40 56

o i-
1

#

..,.,..

I

-57. -

; COtlTROL,NO TREATrIENT I
...... E3820

• ESTIMATEDAVERAGEPOWERI_PROVF_NT, ;.:
1% _
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"- MODULE AND RELIABILITY TECHNOLOGY "_

:' _- Soiling Experiments (Cont'd)

FIFTY-SIXMONTHSEXPOSURE

,_ ENFIELD,CONNECTICUT
}. •

X LOSS IN Isc WITH STANDARDCELL TREATED

,_ TEDLARIOOBG3OOUT

, (SUPPORT011GLASS)
L

56 MON,THS EXPOSURE i

• T

_,'e
8 24 40 56

o

""I _ ,',i_"

\/ i;_"x ' !:'q"_ :'"Vi/
, V A iI:i] "', : t̂

,, _: ]
! i/ \/,12,,' _"_

' // t I --
i I

-iO: l ,J

, CGI;TROL,NO TREATMENT

..... E3820

, ESTIMATEGAVERAGEPOWER IMPROVE-

c MENT, 3,8% i,
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MODULE AND RELIABILITY TECHNOLOGY ': i

Soiling Experiments (Cont'd)
:

" FIFTY-SIXMONTHSEXPOSURE
ENFIELD,CONNECTICUT

% LOSSINIscWITHSTMDARDCELLTREATEDACRYLAR
: (SUPPORTEDONGLASS)

56_NI'HSEXPOSURE

8 24 40 56
0

li't ,ot. '1 I _ _ae

V I I
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-- C_TROL,NOTF,EAI'MEI';T
.... OZONE"*E3820
e ESTIMATEDAVERAGEPOWERIMPROVEMEIIT,
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MODULE AND RELIABILITY TECHNOLOGY

Process Sensitivity ,

"_ ' GOALS: o UNDERSTA,'IDRELATIOI(SHIPSBETWEEN "_
ALLw_UFACTURINGVARIABLES

i • DEFI;_EFAILURE/ ACCEPTABILITYCRITERIA

' • STATISTIC_NiALYSISOFRESULTS

• DEFINEOPTII'IJMC_DITIO_S

i_t_,: • PREDICTMANUFACTURINGYIELD
• PROVIDEDOCUMENTATIONTO INDUSTRY

VARIABLES

_- FORMU_TION:• PoI-rNITCOI'_:'OSITION

• CURINGA_IfI'S

• PRIMERS

,J STOOGECONDITIONS

PROCESSIriG:• VACUUMPRESSURE

• TEMPERATURE,ULTIMATE,°C

C • TEMPERATURZ,_TE OF RISE,°C/ MIt:.

• DWELLTIMES

• RATEOFCOOLI:_G
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"' MODULE AND RELIABILITY TECHNOLOGY

. _ Testing and Performance Criteria

_o

.... METED: • PREPARETEST_DULESAND/ OROTHER ,_.
TESTSPECIMENS_IITHCHANGEINSIGNIFI-
CANTVARIABLE(S)

t

• DEVELOPEDSTAI'IDARDTESTSPECIMEN
• DEVELOPEDST_)ARDTESTPROTOCOL

• COLLECTEDUt(IFORMDATASETS

/_:_ • QUANTITA_THEEFFECTS

COMPONENT CRITERION TEST

POTTANT ADEQUATECURE PERCENTGEL
THERMALCREEP

TRAPPEDBUBBLES VISUAL
DISCOLOEATION VlSUAL

CELLS BREAKAGE VISUAL,RESISTANCE
INTERC{)II(CT RESISTANCE

: REGISTRATION VISUAL

COVERFILMS TEARS/ PUNCTURES VISUAL

_,:ARPING/ SHRINKAGE VISUAL

GLASS(SUPERSTRATE)FRACTURE VISUAL

ADHESION BONDSTRENGTH PEELTESI

ENDURANCE _._.TERSOAK(50°C)

,..,

_,o,...e

°'-r

l'_ ii

i
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MODULE AND RELIABILITY TECHNOLOGY ,

ORIGINAL PAGE !"3
OF POOR ,

Process Equipment QUAL,'ry

EXPERIENTALLRtlNATOR

vACUU_I C,_u_E ANO VACULmlGAU_E ANIO
IMG_q.ATION vA.LvI IMGCAATION VALV1E

LOVVCFICAVITY UIMqEMCAVITY
CtAJdP SCIWS TO_ CO_llq

/_ _ I'I

d

/'FLEXlR.E I_IAGM

SUPPORTPLATE S/_.ICO_ERUIIINERGA_ET

PROCESSPROFILE

,so _ _e

_oL/_ .__,c_,.__.1 _-;_o
• _ _o 2o_ :, ,04 so A

=_ INIIIATE [ TIM-'. _,,n 4 R_MOV| ._ R_MOV._ MOOULE " "
_AT_NG I FIXTURE FRO_

3 _IIESSUR,Z_ FROM vACUUM BAG

PUL4.
Q_CIJU_

e MICROPROCESSORCONTROLLEDEXPERII;ENTALLAMINATORCONSTRUCTED
e STUDIESSTARREDONPROCESSINGPROF!LES

• RATEOF HEATING( HOWSLOW, HO_,FAST? ) I,
• VACUUMTIMING i

• RATEOF COOLING

/

I
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" ,_; MODULE AND RELIABILITY TECHNOLOGY

Process Sensitivity: Observations and Recommendations

, FOK'=IULATIONVARIABLES

e EVAFOPJ_ULATIONSRELATIVELYINSENSITIVETO

,' QUANTITYOF PEROXIDEBUTVERYSENSITIVETO
: AIREXPOSURE- EVA_RATION

=

e EVAWITHLUPERSOL- ll3ECMUCHLESSSENSITIVE

• UNWRAP/ CUTE'I/AJUSTBEFOREMODULEMANUFAC-
• t #

•_ TURING- LIMITAIREXPOSURE

= SELF-PRIMINGGRADEWI)RKSWELL

L PROCESSVARIABLES

= UPPERANDLOWERLIMITSDETERMINED.

- • ULTIMATETEMFERATURE

-_ • RATEOFRISE- TEMPERATURE

• BACKPRESSURETIMING

= IZW)MINAI;TFAILURE• ADHESION(POT[ANT/ GLASS)

BOUN['STHENARROWESTPROCESSING° WINDOW"

= EVAWITHLUPERSOL-TBECHASWIDERWIIIDO@vTHANEVA_918

• STORAGE:,'.ORESTABLETOEXPOSURE

= PROCESSING:',:IDEPRANGEOFCONDITIONS

• IP.DUSTRIAL° TROU_,LESHOOTINGGUIDE° PP£PARED

/
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.,_ MODULE AND RELIAB!LITY TECHNOLOGY ' :

L
Thin-Film Encapsulation

I

"_ (AMORPHOUSPHOTOVOLTAICS)

. TYPES: o SUPERSTRATE- ONGLASS
e _T_TE - ON STAIN_SSSTEEL

FAILURE_CIIANISJ'LS:

COR_SION, B_GE (GLASS),AJ]_SION,

/_I ELECTRICALSHORTING,OTHERS ? ? ? i

Encapsulation Requirements (Anticipated)

C_PONENT PROPERTY

,; _ OUTERCO_R • INIE_NI'LYWF_ATHERAJ3LE
• ABRASION/ CUT RESISTANT

: BACKCOVER e WHITE( _ISSlVE)
o GATHERRESISTANT

POTrANT e PROCESS_I.J5<100OC

o CUP,ABLE- CREEPRESISTANT

• LOWWATERABSORPTION

o HIGHOPTICALTRANSMISSION

DUR_LEBONDING o ALLINTERFACES

• LONG_ERVICELIFE

o LOWCOST

Manufacture/Process i

• FAST
= AUTOI_.,_BLE
• INEXPENSIVE

:j

,°,

io

T
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i MODULE AND RELIABILITY TECHNOLOGY

Thin-Film Encapsulation: Candidate Materials and Processes
t

e _CK CI)_I_ • WIIITETF.DI.AR ,_

OtFI'ERCOVERS e FLUORO_LYMERSBESTC_ICE

• FEPCUR_NTLYFAVOREI)DUETO
: HI_ TRA_ISPARENCY_D OUT-

STAtdDIN6WEATHERt_BILITY
COST

FI_ REF.INDEX % T $/FI'2/MIL i

FEP 1._ 93.6 0.10

POII'ANTS. CONDUCTING IN,I_STl_T IONS

_TERIAI.C_S$ MANUFACTUP,ER $/IR

ETHYLENE/VINYLACETATE DU PONT,USI .60- ._
ETHYLENE/ACRYLIC DGW,GULF .80- 1.00

? I_O_ER DU_ ',08- 1.60
, ALIP_TICURE'I'HANE UPJOHN :J- 2.50,:, , .,

HOT_LT _HESIVES _NY .80--2,50
_ (HYDROCA_ON,POLY_IDE

POLYE'THER,ACRYLIC)
: CUREMET_IOD:

e _ISTURECURE(_DIFIEDCHEI_ISTRY)

e PEROXIDEDECOMPOSITION( HEAT

e UVCU_ (PHOTO!NITIATION)

• MOISTURECURABIFSELF- PRIMINGPoI-rANTUNDER
DE_LOPM£NT. SILANE/ ACRYLICCHEMISTRY

ENCAPSUI.ATI_I_'I'HOD:

e FI_ I.NdINATIOiI:EXTRUDETHEPOT'rANTONANOUTER
CO_R FI_ ASA CARRIER,USECO_INATIONFOR
I.NqlN_TI_.

'[
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' MODULE AND RELIABILITY TECHNOLOGY

' Conclusions

- ACCELERATE])AGIN6:
• ° OF[AR° METHODBESTAGINGTECHNIQUE

DISCOVEREZ}SOARE

_' • _DELIN6/ LIFEPREDICTIONENCOU_GING

: e 700&9OatVERYGOODCONDITION

• COPPERREACTIONSNOTASSEVEREAS
,. AMI'ICIPATED- EXCEPTATi05°C

_| e LUPEPSOL- TBECCUREDFO_ULATIONS
APPEARMORESTABLE

• BESTST_ILIZERS: UV-2_8SCREENER,
TINWIN/70(BOTHCYAN_IDE)

e MODUI.EPERZl)I@IANE-EXCEL_NT
( OPTARgO°C- 20,000HR- NOCHANGE)

: ADHESION:
, _ N_ TESTMETHODFORPRIMER_VALUA,.....IO,,A,,D"

BONDDU_BILITY

: • CANDEMONST_TEBONDRECOVERY& LIMITOF
REVERSIBILITY

• SELF-PRIMINGEVAWORKSWELL

ELECTRICALISOLATION:

• INTRINSICDIELECTRICTEST_ETHODDEVELOPED

• SOP'EEVIDENCEOFDECREASEINDIELECTRIC
STRENGTHWITHACCELERATEDAGING

/

./
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MODULE AND RELIABILITY TECHNOLOGY _

, Conclusions (Cont'd)

" HYDROLYTICSTABILITY"

• EVAAPPEARSEXCELLENT

,i PROCESSSENSITIVITY'
• DOMINANTPROCESSFAILUREMODE'ADHESION

o EVASTORAGEESSENTIAL

'" o LUPERSOLTBECFORMULATIONS- WIDERPROCESS

_, LATITUDE,BETTERSTOOGESTABILITY

SOILING:

,: • TREATMENTSSTILLEFFECTIVEAFTER56MONTHS

THII_-FILMPV:

• CANDIDATESBEINGSELECTED/ DEVELOPED

"/
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